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The basic helix–loop–helix (bHLH) transcription factor Ptf1a plays stage-speciﬁc roles in the devel-
oping pancreas. During early pancreatic development, low levels of Ptf1a preferentially promote the
differentiation of pancreatic progenitor cells into endocrine cells, whereas high levels of Ptf1a shift
pancreatic progenitors towards an exocrine cell fate. In adults, Ptf1a is essential for the production
of exocrine enzymes by pancreatic acinar cells. In this paper, we show that Ptf1a expression is
repressed by miR-18a in pancreatic progenitors and acinar cells via its binding to the 30UTR of Ptf1a
mRNA. Furthermore, overexpression of miR-18a exerts little effect on pancreatic progenitors and
acinar cells. These results indicate that miR-18a plays a ﬁne-tuning role in regulating pancreatic
progenitors and exocrine cells through the repression of Ptf1a expression.
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The basic helix–loop–helix (bHLH) transcription factor Ptf1a
(also named p48 or Ptf1a-p48) is an integral part of the trimeric
Ptf1 complex and plays stage-speciﬁc roles during pancreatic
development. Ptf1a is ﬁrst expressed in murine pancreas primordia
at e9.5 (embryonic day 9.5) [1,2], and its expression is required to
commit foregut endoderm to the pancreatic fate [1,3]. In Ptf1a-
inactivated murine embryos ventral pancreatic buds do not
evaginate from duodenum, and Ptf1a-null cells, although initially
speciﬁed to become pancreas, revert to intestinal fates [3]. Ectopic
expression of Ptf1a in pdx1-expressing undifferentiated endoderm
induces the pancreatic fate in mice and Xenopus [4,5]. After
pancreatic epithelia are committed, Ptf1a is expressed in early
pancreatic progenitor cells which give rise to three cell types:
insular, acinar and ductal cells [3,6]. Once pancreatic progenitor
cells are speciﬁed, Ptf1a functions in the differentiation of an
endocrine or exocrine cell fate. Cells expressing a low level of Ptf1a
preferentially differentiate into endocrine cells, whereas those
expressing a high level of Ptf1a adapt an exocrine fate [7].
Following the differentiation of pancreatic cells, Ptf1a expressionchemical Societies. Published by E
Road, Harbin 150040, China.
ng).gradually restricts to the mature acinar cells, where it is essential
for the expression of digestive enzyme genes such as elastase, amy-
lase, and carboxypeptidase 1 (Cpa1) [8–10]. These ﬁndings support
a close correlation between the expression level of Ptf1a and the
lineage fate of pancreatic cells in the developing pancreas.
MicroRNAs (miRNAs), a class of approximately 22-nucleotide
non-coding RNAs, have been found to regulate gene expression
by binding the 30 untranslated region (30UTR) of target mRNAs,
which leads to their degradation or repression of translation [11].
Several lines of evidence demonstrate that miRNAs play important
roles in pancreatic development. MiR-375 is found to repress the
expression of Mtpn in adult islets and regulates insulin secretion
[12], and knockdown of miR-375 in zebraﬁsh causes aberrant
formation of endocrine pancreas [13]. MiR-124 negatively regu-
lates insulin function by inﬂuencing the insulin exocytosis [14].
In previous studies, we found that miR-19b, a member of the
miR-17-92 cluster miRNAs, regulates the transcription of insulin
1 by targeting neuroD1 expression [15]. We also found that miR-
18a, another member of miR-17–92 cluster miRNAs, could repress
the luciferase level of 3T3 cells co-transfected with recombinant
pGL3 reporter vector containing the 30UTR of Ptf1a [16]. However,
any further regulatory mechanisms of miR-18a on pancreatic cells
remain unclear. In the present study, we show that miR-18a
contributes to the delicate regulation of pancreatic progenitors
and acinar cells by targeting repression of Ptf1a expression.lsevier B.V. All rights reserved.
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2.1. Experimental animals
All animal experiments were performed using mouse outbred
strain CD1 from Beijing Laboratory Animals Research Centre in
accordance with the guidelines of the Animal Care and Ethics Com-
mittee of Northeast Forestry University.
2.2. Generation of DNA constructs
The pGL3 reporter vector was modiﬁed by insertion of the
30UTR fragment of Ptf1a (position 1174–1508, NM_018809.2) be-
tween the FseI and XbaI sites. The 30UTR sequence of Ptf1a was
generated by PCR. The luc-Ptf1a-30UTR mutant reporter vector
was created by mutating seven bases in a seed region of the
miR-18a binding sites in the Ptf1a 30UTR. The mutant fragment
was digested with FseI and XbaI and then inserted into the pGL3
vector downstream of the luciferase gene. For construction of a
Ptf1a full-length expression vector, the 30UTR was subcloned into
the XhoI site of pCAG-Ptf1a (a generous gift of Kazuhiko Nishida,
Graduate School of Frontier Biosciences, Osaka University). All con-
structs were conﬁrmed by DNA sequencing.
2.3. Cell culture
In Dulbecco’s modiﬁed Eagle’s medium (DMEM) containing
25 mmol/l glucose supplemented with 10% heat-inactivated foetal
bovine serum (FBS), 3T3 cells were cultured. AR42J cells (a gener-
ous gift of Yung H. Wong, Hong Kong University of Science and
Technology) were maintained in conditions described by Liu
et al. [17]. MIN6 insulinoma cells (a kind gift of YimingMu, General
Hospital of PLA, China) were maintained in DMEM containing
25 mmol/l glucose supplemented with 15% FBS and 50 lmol/l 2-
mercaptoethanol (Sigma–Aldrich). The isolation and culture of
adult pancreatic progenitor cells is described in our previous report
[15].
2.4. Cell transfection and counting
Twenty-four hours before transfection, 3T3, AR42J, and pancre-
atic progenitor cells were plated in 24-well plates at 1.0  105,
2  105, and 1.5  105 cells/well, respectively. The pCAG-Ptf1a
full-length expression plasmid (1 lg/24 well) was co-transfected
with mimic miR-18a or control miRNA (ﬁnal concentration
80 nM, GenePharma), or was co-transfected with both miR-18a
and miR-18a inhibitor or control inhibitor (ﬁnal concentration
120 nM, GenePharma) into 3T3 cells. Ptf1a full-length expression
plasmid (1 lg/24 well) was co-transfected with mimic miR-18a
or control miRNA (ﬁnal concentration 80 nM, GenePharma) into
pancreatic progenitor cells using Lipofectamine 2000. Mimic
miR-18a/control miRNA (ﬁnal concentration 80 nM, GenePharma)
individually, or miR-18a and miR-18a inhibitor/inhibitor control
(ﬁnal concentration 120 nM, GenePharma) were transfected into
AR42J using Lipofectamine 2000. For cell counting, 1.5  105 of
pancreatic progenitor cells were seeded into 24-well plates 48 h
before transfection. Seventy-two hours after transfection, all of
the cells were trypsinised in the same volume and were counted
3 times per well using a blood cell counting plate.
2.5. Reverse transcription PCR (RT-PCR) and Quantitative
real time PCR (qRT-PCR)
Total RNA of 3T3 and AR42J cells were isolated 48 h after trans-
fection for qRT-PCR analysis. Total RNA of pancreatic progenitorcells was isolated 72 h after transfection for qRT-PCR analysis. To-
tal RNA was isolated according to TRIzol reagent protocols (Invitro-
gen) or RNAprep Micro Kit (Tiangen), then treated with DNase I
(RNase-free) (Takara). Total RNA was polyadenylated with ATP at
37 C for 60 min by Escherichia coli poly (A) polymerase (Biolabs,
New England). Polyadenylated RNAs were reverse transcribed with
M-MLV Reverse Transcription Reagents (Invitrogen) and a poly (T)
primer ligated with an adapter for miRNA quantitative assays.
RNAs without polyadenylation were reverse transcribed with oligo
d(T) for an mRNA quantitative assay. Real-time quantitative PCR
was performed on ABI 7500 sequence detection system (Applied
Biosystems). The mRNA data were standardised against the expres-
sion levels of b-actin, and U6 small nuclear RNA was used as an
endogenous control for miRNAs. All reactions were run in triplicate
and included controls lacking template for each gene. The relative
amount of each mRNA to b-actin or miRNA to U6 RNA was calcu-
lated using the 2DDCT method. The level of signiﬁcance was deter-
mined by Student’s t test with SPSS Statistics 17.0. All quantitative
data presented were the mean ± S.E.M. from at least three samples
per data point. Sequences of primers used for RT-PCR and qRT-PCR
in this study are shown in Table S1.
2.6. Western blot analysis
Western blot analysis of Ptf1a protein levels was performed
72 h after transfection. Cell lysates were prepared with cell lysis
buffer (Beyotime). After centrifugation at 12,000g for 5 min at
4 C, supernatants were used as samples for a Western blot. Pro-
teins were separated on 10% SDS–PAGE gels and electroblotted
onto nitrocellulose membrane. Membranes were probed with
anti-Ptf1a (1:1000, a kind gift of Chris Wright, Vanderbilt Univer-
sity School of Medicine) and rabbit anti-b-actin (1:500, Biosynthe-
sis). The antigen–antibody complex was detected using Super ECL
Detection Reagent (APPLYGEN). The bands were quantiﬁed using
Image J 1.42 software.
2.7. Luciferase assays
Before transfection, 3T3 cells were plated into 24-well plates at
1.0  105 cells/well 24 h. Two hundred nanograms pGL3-Ptf1a-
30UTR, 50 ng pRL-TK, and 30 nM (ﬁnal concentration) mimic miR-
NA or control miRNA (GenePharma) were co-transfected into each
well with Lipofectamine 2000 (Invitrogen). Relative ﬁreﬂy lucifer-
ase activities (normalised to Renilla luciferase activities) were
measured 24 h after transfection with the Dual-Luciferase Reporter
Assay Kit (Promega) on GloMaxTM 20/20 Luminometer (Promega).
3. Results
3.1. MiR-18a inhibits the expression of Ptf1a at both the mRNA
and protein level in 3T3 cells
Our previous research shows that miR-18a can repress the lucif-
erase level of the pGL3 reporter vector containing the 30UTR of
Ptf1a mRNA [16]. To verify whether miR-18a regulates the expres-
sion of Ptf1a at mRNA and protein levels, we constructed a full-
length expression vector of Ptf1a. The vector was co-transfected
into 3T3 cells with mimic miR-18a or control miRNA individually,
with both miR-18a and miR-18a inhibitor, or with both miR-18a
and inhibitor control, respectively. Subsequently, Ptf1a mRNA lev-
els were examined by qRT-PCR, and Ptf1a protein was analysed by
Western blot. The results indicate that overexpression of miR-18a
leads to a 29% decrease in Ptf1a mRNA levels and a 62% decrease in
Ptf1a protein levels relative to controls, while inhibition of miR-
18a partially rescues the expression of Ptf1a protein (Fig. 1A–C).
Fig. 1. Overexpression of miR-18a reduces Ptf1a mRNA and protein in 3T3 cells. 3T3 cells were co-transfected with Ptf1a full-length vector and mimic miR-18a/control
miRNA, or Ptf1a full-length vector, miR-18a and miR-18a inhibitor/inhibitor control. Forty eight hour after transfection, the expression of miR-18a and Ptf1a mRNA was
analysed by qRT-PCR. The expression of miR-18a (A) was normalised to U6, and the level of Ptf1a mRNA (B) was normalised to b-actin. Single star indicates P<0.05. Seventy
two hour after transfection, the levels of Ptf1a protein (C) were analysed by Western blot. The expression ratio represents relative expression levels of Ptf1a protein in 3T3
cells co-transfected with Ptf1a full-length vector and miR-18a, or Ptf1a full-length vector and control miRNA.
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of a target sequence in the Ptf1a mRNA 30UTR
To further explore the repressing mechanism of miR-18a on
Ptf1a expression, the pGL3 vector with the predicted 30UTR target
sequence of Ptf1a for miR-18a (pGL3-Ptf1a30UTR) (Fig. 2A), Renilla
luciferase vector (pRL-TK), and mimic miR-18a or control miRNAFig. 2. MiR-18a represses the expression of Ptf1a via binding the 30UTR target
sequence of Ptf1a mRNA. (A) A schematic representation of the pGL3-luciferase
reporter constructs used in this study. (B) Location and sequences of the miR-18a
target site in the 30UTR of mouse Ptf1a (NM_018809.2). The sequence of mouse
miR-18a is indicated, along with mutations introduced in the target site (underlined
nucleotides) for generating the mutated reporter construct. (C) Luciferase activity in
3T3 cells co-transfected with miR-18a/miRNA control and mutated Ptf1a 30UTR, or
miR-18a/miRNA control and wild type Ptf1a 30UTR. Luciferase activity was assayed
24 h after transfection. All luciferase values were normalised to Renilla luciferase.
Double stars indicate P < 0.01.were co-transfected into 3T3 cells. The luciferase level in 3T3 cells
transfected with miR-18a decreased 52% relative to those transfec-
ted with control miRNA (Fig. 2C) [16]. However, when the pre-
dicted binding sites of the miR-18a seed sequence were mutated
(Fig. 2B), luciferase activity was efﬁciently restored to control lev-
els (Fig. 2C). These results indicate that miR-18a represses Ptf1a
expression by directly targeting the 30UTR of Ptf1a mRNA.
3.3. Expression of Ptf1a and miR-18a in pancreatic cells
To analyse the role of miR-18a in pancreatic cells, we detected
the expression of Ptf1a andmiR-18a in MIN6 (mouse beta cell line),
AR42J (rat acinar cell line), mouse pancreatic progenitors, and
adult pancreata by qRT-PCR. Pancreatic progenitor cells are a pop-
ulation of immature cells with the potential to proliferate and dif-
ferentiate. We isolated pancreatic progenitor cells from adult
mouse pancreas as in a previously reported method [15]. The re-
sults showed that Ptf1a was highly expressed in AR42J and adult
pancreata, expressed at a lower level in pancreatic progenitor cells,
and not expressed in MIN6 cells (Fig. 3A). The level of miR-18a is
higher in pancreatic progenitor cells than in AR42J or MIN6 cells,
but miR-18a expression is highest in adult mouse pancreata
(Fig. 3B). The relative expression pattern of miR-18a and Ptf1a in
pancreatic cells suggests that miR-18a exerts a role in pancreatic
progenitors and acinar cells via regulation of Ptf1a expression.
3.4. The effect of overexpressing miR-18a and Ptf1a
in pancreatic progenitor cells
To verify the effect of miR-18a and Ptf1a on pancreatic progen-
itor cells, we transfected Ptf1a full-length vector, miR-18a, control
miRNA individually, or co-transfected Ptf1a full-length vector and
miR-18a or Ptf1a full-length vector and control miRNA into pancre-
atic progenitor cells. There are no quantitative or morphological
changes in pancreatic progenitor cells transfected with miR-18a
or control miRNA compared with the untransfected progenitor
cells (Fig. S1A, Fig. 4A, C). RT-PCR analysis showed that overexpres-
sion of miR-18a exerts little effect on the expression of differenti-
ation or progenitor marker genes (Fig. S1B). Ptf1a transfected
progenitor cells are larger in size than non-transfected progenitor
cells, and the total cell count is slightly decreased in pancreatic
progenitors transfected with Ptf1a (Fig. 4A). RT-PCR analysis
showed that overexpression of Ptf1a in pancreatic progenitor cells
elevates the level of elastase 1 mRNA when the progenitor cells ex-
press low levels of endogenous elastase 1 mRNA (Fig. S1C).
Fig. 4. Effect of miR-18a and Ptf1a on pancreatic progenitor cells. Pancreatic progenitor cells were transfected with Ptf1a full-length vector, miR-18a, control miRNA
individually, or co-transfected with Ptf1a full-length vector and miR-18a, or Ptf1a full-length vector and control miRNA for 72 h. (A) Morphologies of pancreatic progenitor
cells were observed and imaged with a phase contrast microscope (200). (B) Levels of Ptf1a mRNA as analysed by qRT-PCR. Expression of Ptf1a was normalised to b-actin.
Double stars indicate P < 0.01. (C) The relative numbers of progenitor cells transfected with Ptf1a, miR-18a, control miRNA individually, or co-transfected with Ptf1a and miR-
18a or Ptf1a and control miRNA, compared to non-transfected progenitor cells (Blank). A single star indicates P < 0.05, and a treble star indicates P < 0.001.
Fig. 3. Expression of miR-18a and Ptf1a in pancreatic cells. (A) The relative levels of Ptf1a in pancreatic progenitor cells, AR42J cells, MIN6 cells, and adult mouse pancreata as
detected by qRT-PCR. The expression level of Ptf1a was normalised to b-actin. (B) The relative levels of miR-18a in pancreatic progenitor cells, AR42J cells, MIN6 cells, and
adult mouse pancreata as detected by qRT-PCR. The expression level of miR-18a was normalised to U6.
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atic progenitor cells, transcripts of Ptf1a were repressed 27% in
miR-18a overexpressing cells compared to control miRNA trans-
fected cells (Fig. 4B). Interestingly, the total cell count, morphol-
ogy and expression of exocrine or endocrine genes are not
recovered when Ptf1a and miR-18a are overexpressed together
(Fig. 4A–C). These results indicate that expression of miR-18a
cannot reverse the effects of Ptf1a overexpression on pancreatic
progenitor cells.3.5. The effect of miR-18a overexpression in AR42J cells
MiR-18a is expressed in rat acinar-derived AR42J cells and adult
mouse pancreata (Fig. 3B). To explore the role of miR-18a in acinar
cells, we transfected miR-18a or control miRNA individually, or
co-tranfected miR-18a and miR-18a inhibitor or control inhibitor
into AR42J cells expressing high levels of endogenous Ptf1a
(Fig. 3A). qRT-PCR results show that levels of amylase 2 and Cpa1
mRNA are signiﬁcantly decreased in AR42J cells transfected with
426 Y. Yang et al. / FEBS Letters 586 (2012) 422–427miR-18a relative to those transfected with control miRNA. In con-
trast, mRNA levels of Ptf1a and elastase 1 slightly increase (Fig. 5A).
Western blot analysis showed that Ptf1a protein is decreased in
AR42J cells transfected with miR-18a, but is recovered in AR42J
cells co-transfected miR-18a and miR-18a inhibitor (Fig. 5B).
It has been reported that repression of Ptf1a in acinar cells can
cause a conversion to an endocrine cell fate [18]. Thus we investi-
gated the expression of endocrine differentiation genes in AR42J
cells transfected with miR-18a or control miRNA by RT-PCR meth-
od. The results do not indicate the expression of endocrine-related
genes in transfected AR42J cells (Fig. S2A, 2B), suggesting that
overexpression of miR-18a does not bias acinar cells towards an
endocrine cell fate.
4. Discussion
During pancreatic development, Ptf1a expression is critically
controlled at low levels in progenitor cells and at high levels in
exocrine cells [7,9,10]. The importance of Ptf1a expression levels
in pancreatic progenitor and acinar cells is reinforced by the dis-
covery that overexpression or repression of Ptf1a changes cell fate
[4,5,18]. Our previous research found that miR-18a could repress
the luciferase level in 3T3 cells co-transfected with recombined
pGL3 reporter vector containing 30UTR of Ptf1a [16]. In this study,
we provide evidence that miR-18a represses Ptf1a expression in
pancreatic progenitors and acinar cells through binding the target
sequence of Ptf1a mRNA 30UTR, thus contributing to the regulation
of pancreatic progenitor and acinar cells. The repressive effect of
miR-18a on Ptf1a expression ranges from 37% (in AR42J cells) to
62% (in 3T3 cells), which is consistent with previous reports that
miRNAs have a limited effect on protein accumulation [19,20]
and suggests that miR-18a represses Ptf1a expression in a moder-
ate way.
Low levels of Ptf1a in progenitor cells is important for maintain-
ing several of their characteristic qualities, as demonstrated by our
ﬁnding that overexpression of Ptf1a in pancreatic progenitor cellsFig. 5. Effect of miR-18a on AR42J cells AR42J cells were transfected with miR-18a or co
with miR-18a and inhibitor control. Forty-eight hours after transfection, the mRNA expre
levels of mRNAs were normalised to b-actin. Double stars indicate P < 0.01. Seventy-two h
The expression ratio represents relative expression levels of Ptf1a. Double stars indicateleads to slow proliferation and an elevation of elastase 1 expres-
sion. However, co-transfection of miR-18a and Ptf1a in pancreatic
progenitor cells could not reverse cell proliferation or expression of
elastase 1. Therefore, another inhibitory mechanism is involved in
the regulation of Ptf1a repression in pancreatic progenitor cells. A
recent report shows that ectopic expression of Nkx6.1 or Nkx6.2
blocks expression of Ptf1a and that Nkx6 transcription factors
and Ptf1a antagonise each other in the speciﬁcation of progenitors
towards either an endocrine or acinar fate [21]. Therefore, Nkx6
transcription factors may play a dominant role, whereas miR-18a
plays a minor role in regulation of Ptf1a expression in pancreatic
progenitor cells during early pancreatic development.
Endogenous levels of miR-18a in acinar-derived AR42J cells sug-
gest that miR-18a plays a role in the acinar cells. Overexpression of
miR-18a in AR42J cells led to a decrease in Ptf1a protein levels as
well as the mRNA levels of downstream genes amylase 2 and
Cpa1. There is a single base difference between themiR-18a seed se-
quence in rat Ptf1a 30UTR (GAACCUU) andmouse Ptf1a 30UTR (GCA-
ACCUU); this may be the reason that Ptf1a expression in AR42J cells
was not signiﬁcantly inhibited by miR-18a as in 3T3 cells. Interest-
ingly, themRNA levels of Ptf1a and elastase are not signiﬁcantly de-
creased but slightly increased in miR-18a-overexpressing AR42J
cells. It is reported that Pdx1 promotes the expression of elastase
by binding its enhancer element [22], however, no Pdx1 expression
was detected in AR42J cells transfected miR-18a. These results sug-
gest that an unknown regulatorymechanism could exist to regulate
elastase expression. Elevation of Ptf1 transcription could be inﬂu-
enced by an autoregulatory loop between Ptf1 andmiR-18a activity
to alternatively suppress and promote the expression of Ptf1a in aci-
nar cells [23]. Other studies have found that the expression of Ptf1a
could be enhanced by b-catenin and Fgf10 [24,25], and it is possible
that these positive regulatory factors take part in regulating Ptf1a
levels in maintaining the function of acinar cells. MiR-18a, though
repressing Ptf1a expression in AR42J cells, has little effect on the cell
phenotype. Therefore, miR-18a only exerts a ﬁne-tuning regulation
on Ptf1a expression in acinar cells.ntrol miRNA individually, or co-transfected with miR-18a and miR-18a inhibitor, or
ssion levels of Ptf1a and digestive enzyme genes (A) were analysed by qRT-PCR. The
ours after transfection, the levels of Ptf1a protein (B) were analysed byWestern blot.
P < 0.01.
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